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The inferior colliculus is the main processing station in
the auditory midbrain and integrates projections from
nearly all ascending brainstem nuclei. Apart from being a
converging station, the central nucleus of the inferior colli-
culus (ICC) is essential for extracting time-varying spec-
trotemporal information [1] and therefore might be
important for processing complex sounds such as speech
and vocalizations. The ICC has been the target for a
human auditory prosthesis [2], which might benefit from
model predictions of the neural response in the ICC to
incoming sound.
Natural sounds such as speech and vocalizations, which
display a wide spectrum of acoustic properties, such as
harmonics, correlations, amplitude and frequency modula-
tions and are very well suited to study the auditory system.
This study is based on several sets of multi-unit activity
recorded simultaneously from 32 sites in the contralateral
ICC of guinea pigs while acoustically presenting a diverse
set of conspecific vocalizations to the right ear. Recordings
were taken either along the tonotopic gradient using dou-
ble-shank electrodes or within iso-frequency lamina using
double-tetrode electrodes.
We investigated predictive power of several models of
temporal responses in the ICC to vocalizations and artifi-
cial sound. The tested models include 1) a modified version
of the physiologically detailed Meddis Model [4], which
was altered in order to match spiking threshold in the gui-
nea pig ICC and to include adaptation effects and output
the trial-averaged spiking responses, the peri-stimulus time
histograms (PSTH).
2) a generalized linear model and 3) a filtering model
with a bandpass filter of 1/3 octaves around the best fre-
quency, with subsequent normalization and rectification
for each unit, followed by spatial filtering for nearby
units. Predictive power was evaluated by means of the
correlation value of the envelope of the PSTHs from the
predicted and the experimentally obtained responses.
We find that our relatively simple, filtering approach
yields surprisingly good overlap of predicted and measured
responses for some multi-units, but has poor predictive
power for other units. The models (1-2) yield overall better
overlap for the whole set of vocalizations but do not perform
optimally in predicting the temporal course of the response.
Our findings indicate distributions of optimal predictive
power in the inferior colliculus over a large best frequency
range across and within isofrequency laminae.
Acknowledgements
This work was supported by the BMBF in the National Network for
Computational Neuro-science, grant number #01GQ0811 to BFNT Göttingen.
We would like to thank Thilo Rode, Tanja Hartmann, and Hugh H. Lim for
the guinea pig recordings and vocalizations.
Authors’ details
1Dept. of Nonlinear Dynamics, Max Planck Inst. for Dynamics and Self-
Organization, Göttingen, 37077, Germany. 2Institute of Perception, Action
and Behaviour, University of Edinburgh, Edinburgh, EH 8 9AB, UK.
Published: 21 July 2014
References
1. Escabi M, Schreiner C: Nonlinear Spectrotemporal Sound Analysis by
Neurons in the Auditory Midbrain. J Neurosci 2002, 22(10):4114-4131.
2. Lenarz T, Lim HH, Reuter G, Patrick JF, Lenarz M: The auditory midbrain
implant: a new auditory prosthesis for neural deafness-concept and
device description. Otol Neurotol 2006, 27(6):838-843.
3. Rieke F, Bodnar D, Bialek W: Naturalistic stimuli increase the rate and
efficiency of informationtransmission by primary auditory afferents.
Proceedings of the Royal Society of London. Series B Bio-logical Sciences 1995,
262:259-265.
4. Hewitt MJ, Meddis R: A Computer Model of Amplitude-Modulation
Sensitivity of Single Units in the Inferior Colliculus. J. Acoust. Soc. Am
1994, 95:2145-2159.
doi:10.1186/1471-2202-15-S1-O6
Cite this article as: Lyzwa and Herrmann: Predicting neural responses to
natural sound in the auditory brainstem. BMC Neuroscience 2014
15(Suppl 1):O6.
* Correspondence: dominika@nld.ds.mpg.de
1Dept. of Nonlinear Dynamics, Max Planck Inst. for Dynamics and Self-
Organization, Göttingen, 37077, Germany
Full list of author information is available at the end of the article
Lyzwa and Herrmann BMC Neuroscience 2014, 15(Suppl 1):O6
http://www.biomedcentral.com/1471-2202/15/S1/O6
© 2014 Lyzwa and Herrmann; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
